Purpose: This study aimed to compare health-care utilization and costs in patients treated with long-acting (LA) vs. short-acting (SA) antiepileptic drug (AED) monotherapy. Methods: We conducted a cross-sectional study of claims from the OptumInsight™ database. Our analysis was restricted to adults diagnosed with epilepsy and who used AED monotherapy. Patients were excluded if they used N 1 type of AED, had b 9 months of treatment, or had a treatment gap of N60 days. Antiepileptic drugs were classified as LA or SA based on published data and expert opinion. Medical and pharmacy claims were used to estimate health-care utilization and costs, and baseline group differences were adjusted using multivariate analyses. Results: There were 4058 (49.6%) LA AED users and 4122 (50.4%) SA AED users. Medication possession ratios (MPRs) were not significantly different between LA AED users and SA AED users (P = 0.125). Long-acting AED users had lower mean overall health-care costs ($9757 vs. $12,689), lower epilepsy-related costs ($3539 vs. $5279), and lower rate of overall (8.8% vs. 10.9%) and epilepsy-related hospitalizations (5.7% vs. 7.6%) compared with SA AED users (all P b 0.01). After adjusting for demographics and clinical characteristics, mean overall costs were lower by $686 and the mean epilepsy-related costs were lower by $894 in LA AED users. Conclusion: Although MPRs were similar in LA AED and SA AED groups, patients treated with LA monotherapy had a lower economic burden compared with those treated with SA monotherapy, indicating that using AEDs with extended duration of action is associated with decreased health-care use and lower health-care costs.
Introduction
Epilepsy affects approximately 2.2 million Americans [1] and accounts for an estimated $15.5 billion in direct and indirect costs in the United States annually [2] . Patients with epilepsy typically require long-term or lifetime pharmacotherapy, and with more than 20 antiepileptic drugs (AEDs) currently available, the decision-making process for treatment is increasingly complex [3] . Suboptimal adherence has been linked to a wide variety of consequences, including increased rates of seizures, head injuries, and hospitalizations, and is associated with increased health-care utilization and costs [4] [5] [6] .
A long-acting (LA) AED will remain in a patient's systemic circulation longer after the last dose compared with a short-acting (SA) AED. Extended-release drugs are formulated to dissolve and release slowly, allowing for less frequent dosing. This property may make longer halflife or ER drugs more "forgiving" of missed doses, with the reduced serum medication levels more effectively bridged by drugs with longer half-lives. If this is the case, then use of longer half-life or extendedrelease (ER) formulations might mitigate the impact of imperfect adherence. That is, for a given level of adherence, users of longer half-life or ER drugs might be expected to have better efficacy and lower health-care utilization and costs compared with users of shorter half-life drugs.
To assess whether AEDs with extended half-life or longer duration of action might be associated with improved health and economic outcomes, we used a large commercial health-care claims database to compare the extent of health service utilization and costs in adult patients treated with either LA or SA AED monotherapy.
Material and methods

Study design and data sources
We conducted a cross-sectional study to compare clinical and economic outcomes among adult patients using LA or SA AED monotherapy. Antiepileptic drugs were classified as LA (those with long half-life or extended, delayed, or controlled release) based on prescribing information, published data, and expert opinion [7] (see Appendix Table) .
Longacting AEDs included phenytoin ER (PHT ER), carbamazepine ER (CBZ ER), topiramate (TPM), divalproex ER (DVP ER), divalproex delayed release (DR) (DVP DR), phenobarbital (PB), levetiracetam ER (LEV ER), and zonisamide (ZNS). Short-acting AEDs included levetiracetam (LEV), lamotrigine (LTG), carbamazepine (CBZ), and oxcarbazepine (OXC).
The study used data from the OptumInsight™ Clinformatics™ Data Mart database, a commercial Health Insurance Portability and Accountability Act (HIPAA)-compliant administrative claims database of roughly 14 million covered lives per year that represents all major regions of the United States. The OptumInsight database contains deidentified adjudicated pharmacy claims (e.g., outpatient prescriptions) and medical claims (e.g., inpatient and outpatient services) submitted for payment by providers, health-care facilities, and pharmacies and includes information on each physician visit, medical procedure, hospitalization, drug dispensed, date of service/prescription, number of days of medication supplied, and tests performed. Drug-related claims are only recorded for the outpatient setting. Pricing data are also included, and these data are adjusted to account for differences in contracting and other variations across health plans. These standardized prices are used as costs in this analysis. Also available are member enrollment and benefit information as well as limited patient, provider, and hospital demographic information.
Study population and study timeframe
We included commercially insured adults (≥ 18 years old) who were diagnosed with epilepsy and who were treated with LA or SA AED monotherapy during the 2011 calendar year (study period). Patients were included in the study if they had ≥ 2 medical claims at least 30 days apart with International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) codes of 345.xx (epilepsy) or 780.39 (other convulsions) in any diagnosis field. In order to exclude newly diagnosed patients (who might have differed significantly from those receiving ongoing care), one epilepsy claim had to occur during the study period, and another claim had to occur during the year before the study period. In addition, patients were required to have had ≥ 2 pharmacy claims for one of the listed AEDs, both during the study period.
Patients were excluded from the study if they had more than 1 type of AED filled during the study period; if they were not continuously enrolled during the 12-month study period and for 3 months before the study period (used to determine if AEDs were available at the start of the study period); if they were treated for b 9 months or if they had a treatment gap of N60 days between the end of days of supply and the next fill date; or if they did not use one of the top 12 most frequently used AEDs.
Study measures
Study measures were derived using enrollment files, medical claims, and pharmacy claims. The claim database contains every claim for an individual's period of enrollment. We assumed that there were no missing data because a payment is processed only if a claim exists. We used all medical and pharmacy claims in the 12-month study period to construct the baseline measures, including patient demographics, AED adherence, specialty of the usual care physician, and burden of illness. Medical and pharmacy claims were used to estimate health-care utilization and costs, and baseline differences were adjusted using multivariate analysis.
Enrollment records were used to identify patient demographic information (age, sex, and US census region). Antiepileptic drug adherence was estimated by the medication possession ratio (MPR), defined as the total days of therapy available in the study period divided by 365 days. Considering this definition, that MPR summarizes medication fills and not actual medication-taking behavior. To calculate the MPR, we truncated days of supply to exclude AEDs available before, or AED claims extending after, the study period. Specialty of the usual physician was defined as the physician specialty with the largest plurality of office visits with evaluation and management (E&M) service codes during the review period [8] . Specialty was reported as "unknown" if it could not be identified with E&M service claims or if it was recorded as "unknown" on the claim.
Severity of illness was captured by three measures: the Charlson Comorbidity Index, the number of chronic conditions, and the epilepsy-specific comorbidities, all of which were measured during the study period (2011 calendar year). The Charlson Comorbidity Index, initially developed as predictor of in-hospital mortality, has been widely adapted and used to measure overall burden-of-illness in the general population [9, 10] . We used the validated Healthcare Cost and Utilization Project (HCUP) Chronic Condition Indicator [11, 12] , which categorizes ICD-9-CM diagnosis codes as chronic or not chronic, to count the number of chronic conditions. A chronic condition is defined as a condition that lasts ≥12 months and either (a) places limitations on self-care, independent living, and social interactions or (b) results in the need for ongoing intervention with medical products, services, and special equipment [12] . Finally, we identified epilepsyspecific comorbidities that may have complicated the management of epilepsy or could have caused the disease: head injury, brain tumor, cerebrovascular disease/stroke, meningitis/vasculitides, tuberous sclerosis, and depression and other mood disorders.
The main outcome measures were annual health-care utilization and costs, both overall and epilepsy-related. Measures of health-care utilization included the number of inpatient hospitalizations, the number of emergency department (ED) visits, and the number of physician office visits. Epilepsy-related utilization was defined as AED prescription fills, medical services associated with claims with an epilepsy diagnosis in any diagnosis field, and epilepsy-related tests (AED levels, electroencephalography [EEG] , and brain imaging studies such as computed tomography, magnetic resonance imaging, positron emission tomography, and single-photon emission computed tomography). Epilepsyrelated costs were defined similarly.
Statistical analysis
Descriptive statistics, including mean, standard deviation (SD), and percentage, were reported for all measures, stratified by treatment cohort. The chi-square test and Student's t-test were used for dichotomous and continuous variables, respectively. All tests were two-sided with a significance level of 0.05.
We conducted several regression models to study the association between treatment half-life and outcomes. These included multivariate models for annual overall and epilepsy-related costs and logistic regression models for the occurrence of inpatient hospitalization (both overall and epilepsy-related). All models were adjusted for patient and clinical characteristics as appropriate, including age, sex, US census region, usual physician specialty, Charlson Comorbidity Index, chronic conditions, and epilepsy-specific comorbidities. Data transformations and statistical analyses were performed using SAS® version 9.3 (SAS Institute, Cary, NC).
Results
We initially identified 32,705 patients with ≥2 epilepsy claims (1 in 2010 and 1 in 2011) from the OptumInsight database. Of these, we excluded 5736 patients who filled b2 AED claims in 2011, 4131 who were not continuously enrolled between 10/1/2010 and 12/31/2011, 4488 who were b 18 years old, and 7653 who were treated with more than one AED. We also excluded 2087 patients who were treated for b 9 months or who had a treatment gap of N 60 days and 429 patients who were not receiving one of the top 12 AED regimens. The final analytic sample included 8180 adult AED users, of whom 4058 (49.6%) used LA AEDs and 4122 (50.4%) used SA AEDs. Table 1 describes patient and physician characteristics of the study cohort. Long-acting AED users were older and had a lower Charlson Comorbidity Index score, fewer chronic conditions, and fewer epilepsy-specific comorbidities compared with their SA AED counterparts, while SA AED users were more commonly female. Long-acting AED and SA AED users both received their care most frequently from primary care physicians (52.4% vs. 39.6%, respectively), followed by neurologists (28.9% vs. 39.5%), and other specialists (18.7% vs. 20.9%). There was no statistically significant difference in AED adherence between LA AED users and SA AED users, with a mean MPR of 0.899 (SD: 0.13) in LA AED users compared with an MPR of 0.903 (SD: 0.13) in SA AED users (P = 0.125) ( Table 2 ).
In univariate comparisons of health-care utilization in the study period (Table 3) , 8 .8% of LA AED users had ≥ 1 inpatient hospitalization compared with 10.9% of SA AED users (P = 0.003), while 5.7% of LA AED users had ≥ 1 epilepsy-related hospitalization compared with 7.6% of SA AED users (P = 0.005). Long-acting AED users also had significantly fewer overall annual ED visits and fewer overall and epilepsyrelated physician office visits compared with SA AED users. There was no difference in the number of epilepsy-related ED visits between LA AED users and SA AED users (P = 0.343). Long-acting AED users did have a significantly higher rate of testing for AED levels compared with SA AED users (22.8% of LA AED users were tested ≥ 1 times vs. 12.7% of SA AED users; P b 0.001), but the percentage of patients who had ≥ 1 electroencephalographic (7.4% vs. 12.6%) or brain imaging study (11.2% vs. 18.0%) was lower in LA AED users than in SA AED users (all P b 0.001). Table 4 After adjusting for baseline demographics, region, usual care physician specialty, and clinical characteristics, we found that the mean overall costs were $686 less (standard error [SE]: $460; P = 0.137) and that the mean epilepsy-related costs were $894 less (SE: $319; P = 0.005) in LA AED users than in SA AED users ( Table 5 ). The risk of inpatient hospitalization (odds ratio [OR]: 1.02; 95% confidence interval [CI]: 0.87-1.21) and epilepsy-related inpatient hospitalization (OR: 0.94; 95% CI: 0.78-1.13) were not statistically significantly different for patients who received SA AED monotherapy than for patients who received LA AED monotherapy. Adjusted costs were greater in SA AED users than in LA AED users, but this difference was only statistically significant for epilepsy-related costs.
Discussion
Suboptimal adherence to medications is a serious problem in chronic illness management. Medication adherence is a complex behavior and affected by many factors. A recent systematic review identified hundreds of factors contributing to medication adherence or lack thereof, two of which include dosing frequency and duration of action [13] . Prior medical claims studies have suggested that suboptimal medication adherence in epilepsy has been a particularly critical problem [4, 14] . Lack of adherence to AEDs has been linked to increased burden of illness, and previous studies have examined the impact of nonadherence to AEDs on health-care utilization and costs [4] [5] [6] . Moreover, educational and behavioral interventions to improve adherence to AEDs in patients with epilepsy have had only mixed results [15] . The lack of studies that assessed whether AEDs of long half-life or with long duration of action might mitigate the impact of poor adherence on healthcare utilization and costs was the impetus for the current study. A recent study examined economic outcomes between groups of adult patients identified as having stable and uncontrolled epilepsy [16] , but, to our knowledge, this is the first study to provide detailed information on health-care utilization and costs incurred by commercially insured patients with epilepsy in the US who were treated with LA or SA AED monotherapy. Using a large administrative claims database, our study demonstrated that for patients with similar adherence rates, those who were treated with LA AED monotherapy incurred a lower economic burden compared with those who were treated with SA monotherapy. This finding suggests that the use of longer half-life drugs might mitigate the impact of imperfect adherence. In addition, LA AED users had a significantly lower rate of hospitalization, a lower mean number of office visits compared with SA AED users, and significantly lower use of EEG and brain imaging. They had fewer overall ED visits, but there was no significant difference in epilepsy-related ED visits. The only aspect of resource utilization that was higher in LA AED users was AED serum level testing. Taken as a whole, these results may indicate that patients with epilepsy who take SA AEDs could decrease their economic burden and health-care resource utilization by switching to LA AEDs. Epilepsy-related annual health-care costs remained significantly lower in LA AED users than in SA AED users after adjusting for demographics, usual physician specialty, and comorbidities. The overall health-care cost difference between the LA AED users and the SA AED users became statistically insignificant after adjusting for patient and clinical characteristics; however, the numeric difference points to the direction of potentially better economic outcomes with LA AED use. Those findings are consistent with the finding that LA AED users also had a generally lower rate of resource utilization. Epilepsy-related health-care costs in our study accounted for b 40% of total observed health-care costs, which suggests that comorbid conditions may be costly and/or that epilepsy-related health-care utilization was underidentified. Timely surveillance and treatment of comorbid conditions in adults with epilepsy are important because co-occurring conditions can be the cause of seizures (e.g., cerebrovascular disease) or can be exacerbated by epilepsy (e.g., neurodegenerative diseases), and poor control of comorbidities may further complicate the overall management of the disease, leading to an increased economic burden [1, [17] [18] [19] [20] .
Strengths and limitations
We analyzed a large sample of adult patients with epilepsy identified in a major commercial insurance claims database representing all geographic regions of the United States. The availability of this large dataset allowed us to detect statistically significant group differences in measures of burden-of-illness, health-care utilization, and healthcare costs. The breadth of the claims database allowed us to compare adult patients who were treated with either LA or SA AED monotherapy on a number of key overall and epilepsy-related health-care utilization and cost measures. We were also able to produce age, gender, geographic region, and comorbidity-adjusted estimates of epilepsy cohort differences in health-care utilization and costs. This study has limitations. Administrative claims databases are designed for payment, not research. Claims data lack clinical detail, do not capture disease severity and duration, and do not include the reasons why certain AEDs were prescribed to a patient. International Classification of Diseases, Ninth Revision, Clinical Modification codes also do not provide information about specific epilepsy syndromes. Hence, there could be a variety of unmeasured AED monotherapy group differences, which we were not able to adjust for in our analyses, but which may impact outcomes of interest. The claims database included only commercially insured patients; thus, the results may not be generalizable to populations without insurance or other types of coverage. The use of this database only allowed us to analyze direct costs, although epilepsy may be associated with considerable social and emotional burden and their associated indirect costs [1, [21] [22] [23] [24] [25] . Another limitation of our study is that MPR summarizes medication fills, not actual medication-taking behavior. This study was also not designed to assess whether costs changed if a patient switched from a SA AED to a LA AED or vice versa.
Patients who receive LA AED monotherapy accrue lower costs compared with those who receive SA AED monotherapy, indicating that AEDs with extended duration of action are associated with less healthcare use and decreased economic burden. The higher pharmacy costs in the SA AED monotherapy patients, however, do not explain the higher overall costs since medical care costs are also higher in the SA AED monotherapy patients than in those with LA AED monotherapy. These findings support our study hypothesis that the LA AEDs are associated with improved health and economic outcomes. This could be the result of reduced peak-to-trough serum AED fluctuations, improved adherence due to the convenience of less frequent administration, or mitigation of imperfect adherence. Future studies should assess the impact of duration of action on outcomes in combination therapy, as many patients with epilepsy require more than one AED to achieve optimal disease control. Patients with uncontrolled epilepsy use more health-care services and incur higher costs compared with those with stable epilepsy [16] . Future research should examine economic impacts between LA and SA AED treatment groups while controlling for epilepsy disease status.
Conclusion
Commercially insured patients treated with LA monotherapy had a lower economic burden compared with those treated with SA monotherapy, indicating that using AEDs with extended duration of action was associated with decreased health-care use and lower health-care costs.
Supplementary data to this article can be found online at http://dx. doi.org/10.1016/j.yebeh.2014.12.020.
